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FLY BY WIRE 
 
Abstract: This paper presents a study of the fly-by-wire system and its innovations in 
aeronautical industry. In manned aircraft the pilot is the primary and fundamental 
component to the operation of the flight control commands, their functions are diverse 
and complex as the type of aircraft used. Conventionally command over the flight control 
surfaces is to use bonds by metal cables and hydraulic transmission for the same devices, 
making it difficult to install autopilot systems. The aviation market is highly competitive 
these days and increasingly is driven to develop new technologies present in the various 
aircraft systems, this competitiveness leads the industry to create comfort, safety and low 
maintenance costs. In this context, one of the systems that evolved to meet these 
requirements is the fly-by-wire system, where the mechanical and hydraulic connections 
disappear, the system pilot commands are sent directly to computers that process and 
transmit an electrical signal by means of which the position the flight control surfaces 
must operate, this procedure becomes automatic piloting and therefore safer, more 
efficient and stable for the various flight regimes that an aircraft will operate manual.  
Keywords: Fly By Wire. Avionics Systems. Airworthiness. Security. 
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1. INTRODUCTION 
1.1 Contextualization 
Exist between professionals and pilots agree that the automatic execution of the tasks 
to the flight of fixed-wing or rotary aircraft is of extreme importance to aviation. In 
addition to lessen the workload of the crew, the automation makes the most modern and 
safe aircraft, contributing to the reduction of accidents and incidents.  
Thus, the automated systems very changed the functions of a pilot and Copilot. With 
the high level of automation, present all the laborious task that distinguished a pilot on 
the other no longer exists in the current panorama, the pilot is nothing more than an 
operator and Manager of a complex system, since it inserts data and information in this 
"system" before takeoff, for example, information about the route and the performance of 
the aircraft. However, the entire command of the aircraft during the flight piloting is 
carried out by automatic system, therefore remains the pilot actions of the management 
system, and if necessary, the same makes interventions, acquiring full control of the 
aircraft.  
All this change imposed by the evolution of embedded technology in aircraft is 
irreversible, automation is essential, since it makes possible the work performed by the 
crew, the system maintains the flight on schedule, while the same perform management 
tasks, among which can mention monitoring engine performance, fuel consumption, the 
Charter flight and the process of rapprochement.  
It is extremely important to the crew be fully trained and adapted to aircraft systems, 
because if there is some kind of systemic failure, she must make the right decision to fix 
the potential problem, that being thin is necessary interaction between man and machine 
extremely efficient, so that under any circumstances we are totally dependent on the 
system, but rather the entire operation managers of takeoff, flight and landing.  
Automated systems make visible and undeniable its great advantages, but that doesn't 
mean it is free of any flaws and problems that generate incidents, their misuse can induce 
errors, and thus take control of pilots, this interaction creates a fine line between safe and 
dangerous flight flight, so it is of utmost importance the complete power and knowledge 
of aircraft that may be operatedin order to facilitate their use and increase flight safety.  
1.2 Goal  
This study aims to analyze the operating structure of the fly-by-wire system, the 
advantages and disadvantages, their level of automation, the interaction between man and 
machine in the situation of the pilot and the systemic structures used in between the two 
main aircraft manufacturers currently, Airbus and Boeing.  
  
1.3 Justification  
Airbus and Boeing, at present, are the two largest makers of commercial aircraft in 
the world, and thus become the largest companies air fleets, while examining the 
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technologies developed by these manufacturers may have a greater knowledge and 
understanding of that represents all these developments for Aeronautics, the whole 
development of these systems came to facilitate the life of the pilotbut not always it 
happens, thus this work intends to analyze the fly-by-wire system, how they interact with 
the human being and which ways it can exert actions on the pilots ' decision. 
1.4 Methodology  
The scope of this work is to obtain real data and according to the precedents of the 
same methodology will be used on the basis of the research, analysis and bibliographic 
searches and as well as in literary reviews of books, articles and academic papers in 
relation to the objective proposed. I choose to perform a case study where in some 
accidents automation and/or the linkage between pilot and systems led to some kind of 
catastrophe.  
2.     DEVELOPMENT 
2.1 Avionics System 
Over the years some large aircraft designs appeared, at the time of writing of this 
work the Airbus A380, the Boeing 787 and the Lockheed Martin F-35 Lightning II are 
certified by the regulatory agencies and established in flight, being considered the 
aircrafts loaded with the most advanced technology, therefore the development of these 
new aircraft and the introduction of new technologies for interacting systems and 
avionics subsystems brought to the aeronautical industry considerable rate in the 
evolution of these types of systems. Since the second world war, for the first time this 
advance is challenging the way the aircraft systems are designed. A key element of this 
evolution is the advent of improved electronic and electrical systems, which have become 
more reliable and more influential in the development of aeronautical projects, this way 
that engineers are scouring tends to increase the lifetime of the aircraft and reduce the life 
cycle of the technology, and that future obsolescence is a matter to be considered.  
Large systems integration and interdependence between them is driving the growing 
adoption of high-speed digital data bus, it greatly facilitates the exchange of data and 
control and also carries a significant amount of data for monitoring the health of the 
aircraft. The ease with which the information of the components and subsystems of 
performance can be collected and transmitted to a central or distributed computing centre 
led to the emergence of monitoring systems Diagnostics and maintenance of aircraft, that 
way you can examine systems performance trends and look at the degradation and 
failures of components. This is an important aspect in improving the maintenance of 
aircraft systems, since it aims to schedule maintenance operations at low cost thus 
reducing the incidence of failures not found in replacement of components or parts. 
2.2 Flight Control 
Flight commands have evolved considerably over the years. To maneuver the aircraft, 
the first controlled flights, the pioneers of flight control using wires attached to the 
cockpit to warp the wings of the aircraft thus control the direction of flight, as you can 
Eng Res, v. 6, n. 2, p. 21-46, April / 2015. doi.org/10.32426/engresv6n2-002 28 
see in Figure 1.1. This form of control was clearly very rudimentary and something of a 
misnomer for the pilot, so the use of hinged control surfaces was entered, but the use of 
wires and pulleys to connect the control surfaces to the pilot controls persisted for many 
years until the advances in aircraft performance made the technique unsuitable for even 
the simplest aircraft.   
 Figure 1.1 Flight Control by Wire.  
Source: http://upload.wikimedia.org/wikipedia/commons/1/1c/Morane-
Saulnier_Type_N.jpg 
 
When the speed of the aircraft struck the transonic became obvious the need of more 
complex and sophisticated methods, it was discovered that at higher speeds there are 
higher loadings in flight control surfaces and this makes it very difficult to fly, these 
methods were required for the first high-speed fighter aircraft (the Spitfire), highlighted 
in Figure 1.2, and then to larger aircraft when the Jet Propulsion became more 
widespread. 
To overcome the higher loads were used hydraulic actuators to move the control 
surfaces in order to soften and reduce the physical effort of the rider. But it brought 
another problem, the sensation of flight. By eliminating the real effort required to fly it 
became possible to perform maneuvers that could generate a surge in structures and 
impair the balance of the aircraft. This situation has led to implementation of dampers 
and auto stabilisation systems, as well as the introduction to electronic flight controls, for 
example, the autopilot, and the civil air transport has brought comfort to the passengers 
and reduced crew workload, and in military planes for precision monitoring of targets. 
The electronic system used to perform the functions of flight control consists of analog 
sensors and hydraulic devices becoming capable of making complex controls and 
perform tasks of high integrity. 
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Figure 1.2 Spitfire Fighter Plane 
Source: http://www.veteranstoday.com/wp-content/uploads/2012/10/Spitfire-
Wallpaper-Supermarine-Spitfire-aircraft-plane-clouds-photo-e1350585146136.jpg 
 
The technology has advanced so much that we get to the point of removing the 
mechanical coupling between the pilot and the flight control actuators and fully rely on 
electrical and electronic means for control of the aircraft. However, the rapid 
development and maturity of digital electronics soon led to digital systems, one can cite 
the fly-by-wire (FBW). This development has introduced a considerable demand in the 
main flight control actuators, which must be able to accommodate multiple channel 
inputs and also have the logic to detect and isolate faults.  
Modern fighter planes now have a fly-by-wire system, due to weight saving and 
considerable improvements in the handling of the controls of the aircraft, the major 
manufacturers of commercial aircraft also joined the system, such as the Airbus A320, 
A330 aircraft, A380 and Boeing with 777 and 787. 
2.3 Principles of Flight Control 
Any aircraft is governed by the same basic principles of flight control, the movement 
is defined in relation to translation and rotation around a fixed axis. The Translational 
motion is one in which the aircraft is shifted from one point to another in space and 
related rotation around three axes, the inclination, rotation and twist. The flight control 
system should offer to the pilot a considerable physical assistance to overcome the 
enormous aerodynamic forces on control surfaces, and in turn provide an artificial feeling 
to the rider does not exceed the limit of stress of aircraft.This system of feel, provides the 
control and progressive harmonized pilot that make the aircraft safe and pleasant to fly, 
reducing pilot workload. 
The requirements for entering the flight control surfaces in a project vary greatly 
between an aircraft and another, depends on the objective that she needs to perform, the 
range and agility required. These different requirements can be summarised in two 
different examples of aircraft: an agile fighter plane and a passenger jet. 
2.4 Primary Flight Controls 
The three axes of reference of the aircraft, being them the longitudinal, lateral and 
transverse lie at the Centre of gravity of the same. According to MARIUS JUNIOR 
(2004), aircraft movements are controlled through the joystick and pedals. Joystick 
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commands the airelons (aerodynamic surfaces located in the wingtips) and the elevators 
of the aircraft (aerodynamic surface located on the horizontal tailplane). When the pilot 
moves the joystick to the left or to the right, the aircraft carries a scroll movement. When 
the pilot moves the joystick forward or backward, the aircraft performs a arfagem 
movement. The movement of the pedals serve to control the rudder: pressing the left 
pedal, the aircraft yaws to the left. If you want to pitch to the right, press the right pedal. 
Pressing a pedal always results in the opposite pedal Kickback. 
In Figure 1.3 can view flight control surfaces of the new Airbus A380 plane. Control 
of bearing is provided by home semi-asa by three airelons and complemented by side 
spoilers, the arfagem Control Panel is supplied by the horizontal stabilizer and four 
elevators attached to him, and finally the yaw control that is provided by the rudder. 
All aircraft have identical flight controls, the flight manual is part of a universal 
Convention. 
The Airbus A318, A319, A320, A330, A340, A380 share in common the same 
architectures of the flight control system and similar flight control laws, this provides 
similar features in the handling of the aircraft.  
  
 
Figure 1.3 Control Surfaces of A380. Source: Airbus 
2.5 Flight Control Actuation 
The power of firing on the surfaces is the main key in introducing the system fly by 
wire and active control units, it is important for the flight control system reaches its 
specified performance. The development of digital and analog technology put the central 
drive system to solve the issues of integrity and performance of the aircraft.  
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The drives can fit into the following categories: simple mechanical drive, mechanical 
drive with simple electromechanical characteristics and mechanical drive multiple, with 
analog control inputs and feedback. This brings us to realize integration between the area 
of integrated system, mechanical, electronics and software engineering.  
 
3.    THE FLY BY WIRE SYSTEM 
The fly-by-wire system was designed and built to offer rigorous reliability 
requirements both in terms of security (the system should not emit signals flawed) and 
availability. Security and system availability are the basic principles to present, with an 
emphasis, its evolution over the challenges they saw happening and about helping the 
pilots at the time of the flight.  
R.P.G (2011) States that the introduction of the flight control system fly-by-wire has 
been a watershed in the evolution of the development of the aircraft, as it has allowed 
technical advances that were not possible before. One of the unique benefits of a fly-by-
wire system is the ability to explore the settings of the aircraft to offer greater efficiency, 
aerodynamics as more support and less drag, with a reduced cost in natural stability. 
MIOR and SEABRIDGE (2003) tells us that the fly-by-wire system is responsible for 
controlling the altitude of the aircraft through the command that the pilot inserts the 
control column (or, in the Airbus system, using the sidestick), through the dynamics of 
the aircraft the system interprets the data entered by the pilot and determines how the 
plane will respond at different altitudes and speeds throughout the flight envelope. 
Since 1970 the automatic control systems are introduced in aircraft, R.P.G (2011) 
confirms that in the late 80 digital systems went into service. The concepts are not new, 
in fact, all guided missiles use this control type. Due to the high integrity to be 
implemented economically with the levels of security, reliability and availability 
required, the development of this technology has taken a lot of time.  
The first electric flight control system, fly-by-wire, to a civil aircraft was designed by 
Aerospatiale and installed on the aircraft Concorde to elevon control. Over the years, 
other aircraft manufacturers have developed their own systems, MIOR and SEABRIDGE 
(2003) state that the Airbus introduced the fly-by-wire system for the A320 family and a 
similar system was transported to the A330 and A340. The first system was installed in 
the Boeing 777 aircraft and widely regarded as a response to the development of Airbus 
technology. 
In the early 80, this system has created very strict safety requirements, in the sense 
that there are failures to control the slats, flaps and spoilers there will be a catastrophic 
situation for the control of aircraft in flight.  
Essentially the fly-by-wire system is not applied only to civil aircraft, its use also has 
expanded to military technologies, R.P.G (2011) confirms a recent development of this 
technology to use stealth, in that setting and the shape of the aircraft are designed to 
reduce its radar cross section in. In General, the stealth features reduce the natural 
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damping and stability of the aircraft, and the fly-by-wire system is essential to achieve a 
better management and control of flight commands.  
Figure 1.4 illustrates the basic elements of the control system with fly-by-wire. 
 
Figure 1.4 Basic Elements of fly-by-wire. Source R.P.G 2011 
 Due to total elimination and replacement of the entire complex mechanical and 
control your links for the wiring system was named as fly-by-wire, in this way it became 
possible to inserting a computer between the pilot and command the actuators of flight 
control surfaces. Basically, the pillars of operation consist of motion sensors, for example 
the gyroscope, feed the computer about the linear and angular position of the aircraft and 
air data sensors provide the height and speed, so it becomes possible for the pilot to 
control the aircraft by the flight control computer and this computer determines the 
movement of the control surface to respond in the best way the pilot commandsby getting 
a quick response and smooth. 
The transmission of electrical signals and commands are the key in the fly-by-wire 
system, it uses a system of serial transmission of digital data over a network comprising 
only two wires or a digital bus to ensure system redundancy. All the electronic 
complexity built into the system to encode and transmit the data is encapsulated into one 
or two micro integrated circuits.  
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Figure 1.5 Flight Control Bus Source R.P.G 2011 
In Figure 1.5 we can see that the electronic controls of the actuators are fundamental 
elements, they control the movements of the control surfaces and should be able to 
overcome failures and continue operating satisfactorily, to meet the requirements of 
safety and integrity of the aircraft. The servo system fly-by-wire actuator driving control 
surfaces the two stages of activity, driving the valves control actuation to the central 
control which feeds the control actuators. R.P.G (2011) says that both controls, electro 
hydraulic and actuation system of electric first stage are used, although the trend is direct 
drive for electric motors.  
The fly-by-wire system needs information about the movement of the aircraft, the 
motion sensor includes the gyroscope for measuring angular rates about the inclination, 
rotation and yaw, and well as the accelerometers to measure the acceleration of the 
aircraft around these axes. If the aircraft come suffer a disruption with respect to its 
movement, that change is automatically detected by motion sensors and causes the 
computer to move the appropriate surfaces so that apply the forces and moments to 
correct and eliminate the diversion of flight trajectory. Automatically the sidestick pilot 
moves, controlling the aircraft, but also allows the pilot to command the maneuver 
exerted by the fly-by-wire system, in case of any malfunctions, once again paying 
attention to security and redundancy requirements. 
3.1 Air Date 
The sensor function air data information is to balance the large variations in the 
effectiveness of the control surfaces, combining the flight envelope, the speed and the 
height of the aircraft, as for example at low speed and altitude during takeoff and landing.  
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R.P.G (2011) cites that the variation in the control surface can be very high, for 
example, an aircraft which is 45,000 feet requires a deflection at the helm of 20º to 
produce normal acceleration of 1 g. At high subsonic speeds with approximately 600 
nodes at low altitude, it would be necessary a deflection of only 0.5°, in case there was a 
deflection of 20 would produce enough gravitational force to destroy the aircraft. 
Thus we believe that it is necessary to size and adjust the deflection of the control 
surfaces according to the speed and height of the aircraft. The fly-by-wire system is 
powered with the information of speed, height and Mach number (ratio between the 
speed of the aircraft and the speed of sound), in order to adjust and position the control 
surfaces according to the need. The air data information sensor requires totally 
independent information sources and redundant to meet the requirements of security and 
integrity.  
MIOR and SEABRIDGE (2003) confirms that the air data sensor involves sensing the 
means by which the aircraft is flying. The typical parameters monitored are the dynamic 
pressure, static pressure and rate of change of temperature and pressure. Through these 
three basic information we derive the barometric altitude, speed, vertical speed, indicated 
Mach number and real speed.  
The air data sensor is shown in Figure 1.6, as we can see its goal is to provide and 
correct information on airspeed, Mach number, altitude, vertical speed and other 
parameters. The unit has a pressure sensor static pressure and total along with the 
electronic processor that performs the calculations and feeds the fly-by-wire system. 
 
 
Figure 1.6 Air Data Sensor. Source R.P.G 2011 
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The control computing system must have high integrity and fulfil the requirements of 
flight safety, R.P.G (2011) tells us that the tasks performed by the computer system 
including fault detection, isolation of these flaws, the system reconfiguration in case of 
failure, calculating the angles required that the control surfaces must undergo and the 
monitoring of the aircraft's sensors.  
3.2 Advantages and Disadvantages of Fly By Wire System 
To demonstrate the innovations, usage, and other information of the fly-by-wire 
system, in many moments I quote the aircraft Airbus A320, since she brought several 
technologies not yet used in aircraft of its segment. 
The Airbus A320 was launched on the market in the year of 1988 with the daunting 
task to compete with the Boeing 737, which is already on the market for 40 years, he 
presents several new devices in relation to 737. The main innovation of the A320 is the 
fly by wire system for the control of all flight control surfaces, a feature that stands out on 
this plane is that this system was designed to be available under all circumstances the 
laws of flight. Another important feature of this airplane is every pilot has a sidestick in 
place of the conventional control by joysticks.  
A Fly by Wire system has many advantages, some of which we can highlight are:  
 
 Weight reduction: the Elimination of conventional connection by bars, cables 
and pulleys, even introducing the weight of computers and system cables, 
R.P.G (2011) complements the fly-by-wire system eliminates the mechanical 
complexity and its drawbacks, such as friction and the bending problems of 
structures. 
 Load relief gusts of wind: When a plane is a gust of wind, usually upward 
trend is that there is an elevation in the wings, making the plane up violently. 
This effect not only cause discomfort to passengers, but also generates a 
considerable stress on the structures of the plane. Fast computer system stocks 
Fly by wire can feel the initial increase of wing and deflect the airelons on 
both sides, reducing the rise and going against the effects of wind gusts. 
 Fuel economy: the reason most embarrassing for the commercial 
implementation of Fly by wire was the potential to save fuel, the system 
allows the plane to be less unstable in cruise flight, generating less drag, as 
well as reduce around 10% the weight of the control surfaces, because the 
increased sensitivity of pilotage allowed the designers and engineers develop 
smaller surfaces.  
 Easy to integrate with the autopilot: integrate electrical interface and 
command control of maneuvers of fly-by-wire system with the autopilot is an 
easy task, because it provides the direction commands to the system, being 
unnecessary to create an extra system to interact both interfaces. 
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3.3 The Side Stick Control 
In a plane that does not have the fly-by-wire system, the orders of the pilot for the 
flight control surfaces are transmitted to the actuators by means of a mechanical system, 
so the pilot feels the sensation in the modification of the control, requiring physical 
exertion to increase strength in the desired direction of the joystick and pedals.  
The control surfaces of the Airbus A320 are all controlled electrically and 
hydraulically or electrically activated, the fly by wire is triggered by electrical signals to 
operate the controls, instead of using mechanical systems of steel ropes and cables. 
Flight control systems are built to meet the most stringent reliability requirements, 
both in terms of security and availability, the system should not produce signs 
erroneously. Most, not all, of these requirements come directly from aviation authorities, 
as the FAA and EASA.  
Some security-related threats and availability of fly by wire are: failures caused by 
physical defects, such as electric short circuit or mechanical breakage of the component. 
Design and manufacturing error. Setback in man-machine interface 
The traditional joystick has been replaced by a component called side-sticks, which 
has several similarities with the joy-sticks that are used in computer games and video 
games. The side-sticks features better ergonomics making it more comfortable, and not 
obstruct the vision of the screen by the pilot, they are used to fly the aircraft in 
movements around three axes of reference. 
Longitudinal axis: is the axis that draws an imaginary line from the nose to the tail of 
the aircraft, the Movement held in this axis is called a bearing.  
Lateral axis: passes the tip of semi-asa left to right, i.e. from one side to the other, the 
Movement held around that axis is called arfagem.  
Vertical axis: imaginary line that traverses the aircraft from the bottom up, the 
movement made around that axis is called yaw.  
Through the side-stick flight control computers interpret the pilot's inputs, and then 
they move the surfaces (through actuators) to achieve the desired trajectory. It is also 
defined as an interceptor component, R.P.G (2011) declares that an interceptor fly-by-
wire is a device that converts the commands from the pilot on electric signs, which can be 
divided into two basic types, the passive and the active. Liabilities provides the offset 
through a fixed ratio with arrangement of mechanical spring box. The active provides a 
wide range of offsets through the computer that controls the performance engines of the 
surfaces. 
Figure 1.7 shows the construction scheme of a side-stick passive, we can see that the 
damper is an essential element, as it provides a mild sensation in the side-stick 
movement, becomes necessary only a slight touch of the pilot in command for which the 
aircraft come in and perform the desired operation.  
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.  
 
Figure 1.7 Passive side-stick Architecture. Source: R.P.G 2011 
 
3.4 Flight Control Computers 
In autopilot, flight control computers take their decisions and orders through the 
autopilot computer, for this purpose, the flight controls are composed of five to seven 
computers, and the autopilot for two. These computers have stringent safety requirements 
and are functionally composed of a command channel and a channel for monitoring, thus 
ensuring a sufficient level of reliability and availability, we checked on the architecture in 
Figure 1.8. 
The command channel ensures that the fly by wire has its role assigned to the 
computer, for example, the control of a moving surface, and the channel of monitoring 
ensures that the command channel to operate correctly. This type of computer has already 
been used for the computers of autopilot of the Concorde. These computers can be 
considered as two different and independent computers, placed side by side to facilitate 
the maintenance of the aircraft, and they also have different software and functions. Both 
computers, monitoring and command, to go from standby mode into active mode are 
activated simultaneously, then placed on hold and again activated simultaneously, this 
initialization procedure occurs with the aim of checking potential failures and insulates 
them as soon as the first electric power occurs on computers. 
The monitoring channel also acts in a manner associated with the actuators, when is 
aborted command channel order, the valve actuator solenoid is switched off and placed in 
stand-by mode. 
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Figure 1.8 Monitoring Computer Architecture. Source: Airbus 
 
The computers used in the flight control system fly by wire are: the ELAC (Elevator and 
Aileron Computers), the SEC (Spoiler and Elevator Computers) and FAC (Flight 
Augmentation Computers), we will see later the function of each of them. 
In Figure 1.9 we can notice that each channel, the control and the monitoring of, has 
one or more associated memories, processors, inputs and outputs of circuits, a power 
supply unit and specific software. 
.  
 
Figure 1.9 Global Computer Architecture. Source: Airbus 
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When the results of one of these two channels differ significantly, the channel or 
channels that detects this failure, cut the connection between the computer and the flight 
control controls, thus, the fly by wire system is designed so that the outputs of the 
computers become fully trusted and secure, because in the event of faults there is 
interruption of signal output relay.  
3.5 Redundancy 
Redundancy is a system-level Treaty aspect. System functions are divided between all 
your computers, so that each one is permanently active, monitoring at least one subset of 
its functions. For any function given by the pilot, a computer is active for performs it and 
the others are on standby. 
R.P.G (2011) informs us that the required safety levels are specified in terms of 
probability of a catastrophic failure that occurred in the system and that this cause 
resulting in loss of control of the aircraft. It is specified that the probability of a 
catastrophic failure in the flight control system must not exceed 1 x 10 -7/hour for a 
military aircraft and 1 x 10-9/hora for a civil aircraft. Thus we can see that the likelihood 
of a crash happening is extremely small, because the numbers of accidents occurred 
divided by the total number of aircraft and their flight hours is too small. The average 
time between failures of a single channel in the fly-by-wire system is 3,000 hours, to get 
an idea of the size of a fault occurs R.P.G (2011) in the back to confirm that the figure of 
1 x 10-9 means that a fleet of 3,000 aircraft flying on average 3,000 hours a year would 
experience a catastrophic failure in the fly-by-wire system in 100 years.  
As soon as the computer stops its operation that is active, one of the computers that 
are in standby mode changes almost instantly to the active mode, with a limited 
movement of the control surfaces, so there won't be a sudden change in flight command, 
making smooth and almost imperceptible for the computer that will be responsible for 
operating in command mode. The computers are designed so that they permanently 
transmit healthy signals, so that the signals are interrupted while the exits "functional", in 
case of the detection of a fault, for example, for a flight control surface. 
The fly-by-wire system the redundancy model succeeded works with four channels of 
sensors and computers, they are totally unrelated and arranged in parallel in order to 
provide the necessary capacity for survival the flaws, this configuration is called a 
quadruple system. The quadruple system is configured to survive failures through 
redundancy, so that all the fly-by-wire system, interconnected sensors, computers and 
actuators to survive two failures of any cause, the quadruple system layout arrangement 
can be noted in Figure 1.10, with four channels operating independently is assumed that 
the probability that three channels stop working at the same time is insignificant. We 
should also pay attention to the electrical and hydraulic power supplies, they are 
absolutely vital, and redundancy should also be applied to both. R.P.G (2011) declares 
that the starting point for the design of the fly-by-wire system are the levels of security, 
redundancy and integrity required of electrical power supply systems and hydraulics, his 
integrity dominates the overall health of the fly-by-wire system. 
.  
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Figure 1.10 Quadruple System. Source: R.P.G 2011 
Another type of technique used to provide security and integrity is dissimilar 
redundancy, which is using more different components and devices, as for example: the 
use of two different types of microprocessors and software, deployment, and use of an 
analog backup system in addition to the digital system that is quadruple redundancy level 
and the use of sensors, computers and different controls. This watch is also an essential 
factor for the development of the project of aircraft, whereas the basic control surfaces 
are divided into two or more sections and each section independently controlled by their 
own actuators, this technique of subdividing sections increases the survival the flaw in 
the flight control system.  
3.6 The Security Components 
Figure 1.11 illustrates the control of the Airbus A340-600, we can notice that the 
computers and the actuators are redundant, they are installed in "excess" on the aircraft, 
to increase the level of security. For example, the left and right elevator and horizontal 
stabilizer.  
 
Figure 1.11 A340-600 System Architecture. Source: Airbus 
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To control the aircraft around three main axes, only four command and control 
computers are used. In normal flight operation, one of the computers (PRIM1) is 
responsible for controlling the pitch of the aircraft through the servo control pressurized, 
the hydraulic servo control green controls the left elevator, and another Green elevator 
hydraulic servo control law, and the rewarding of the horizontal stabilizer (Trim 
Horizontal Stabilizer, THS) is controlled by the number one electric motor. The other 
computers are responsible for controlling the other control surfaces. If the computer 
PRIM1 or one of the actuators that control fails, the computer PRIM2 takes care of the 
operation (using the pressurized hydraulic servo control in the elevator on the left, blue 
and yellow on the right side, and with the electric engine number two for THS). 
Following the same method of failure, the computer PRIM2 can also deliver control 
to SEC1. Similarly, the pitch control of the aircraft can be passed from a SEC to the 
other, depending on the number of control surface that one of these computers can 
handle. Only three computers would be sufficient to meet the security objectives, the 
need for additional computer is fully justified by the operational restrictions: it is 
desirable to have the ability to control a takeoff if a computer fails. This sets the 
minimum of security that must be for the use of computers on the flight controls.  
The side of the computer architecture, to the Fly by wire system there is no big 
change in operating mode, in addition to physically divide computer in two units, the 
command and monitoring, that combined with an increase in self test capability provides 
a reduction in the replacement needs of these computers and creates a great tendency to 
obtain communication between these computers installed in aircraft of other models, for 
example, via Ethernet and USB communications. 
.  
3.7 Computer Specification  
For a computer to be specified and approved by regulatory agencies, some care is 
required. The specification of a computer includes two main points, first developed 
software and equipment, which was the technique used to create the software and 
equipment, and on the other hand a functional specification of the equipment that details 
accurately the functions implemented by the software. This functional specification is a 
key element to the process of Fly By Wire system developed, which was designed by 
qualified engineers and specialists in automatic controls, as well as software engineers. 
Although the software engineers are in another field of professional activity, currently 
they work at the same company and with the same goal, it is mandatory that the 
functional specification is ambiguous, so the use of a language that both professionals 
understand is paramount for the development of the system, and that language is called 
SCADE (Safety-Critical Application Development Environment).  
SCADE is a development environment for critical security applications, including 
template-based projects, simulation, verification and interoperability with other tools and 
software development platforms. It covers the complete development cycle critical 
embedded software from specifications for the generation of the correct construction of 
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the source code, often developed in the C language., checked their applications in Figure 
1.12. 
Among the various avionics systems present on the aircraft the SCADE is used to 
design critical software, such as flight control systems, engine control systems, landing 
gear systems, autopilots, fuel management, and display of images on display in the 
cockpit.  
 
Figure 1.12 SCADE Applications. Source: http://www.esterel-
technologies.com/products/scade-display/ 
All functions of the computer monitoring and control are specified by using this 
method: the flight control laws, data monitoring, actuators and the compensating control 
surfaces. The use of these tools provides a positive impact on the safety of aircraft, a tool 
that automatically ensures that a modification in the specification will be coded without 
delay or stress for the engineer, even if this modification needs to be incorporated 
quickly, a situation encountered during phases of flight test. 
3.8 Validation and Verification System 
The validation and verification of the system goes through several different stages: 
 Lessons learned by examining the incidents with the aircraft of airlines 
 Analysis and evaluation of the safety in flight, in the event of a particular fault 
condition, it is checked whether the monitoring and reconfiguration logic 
allow to fulfill the goals set by the pilot, analyzing system performance and 
integration with the structure. 
 Possibility of testing in flight simulators, testing with all the equipment 
installed and fed system as in aircraft.  
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After the completion of several batteries of tests, among them hundreds of simulated 
flights, is generated a report with the information produced by such tests monitored, if the 
behavior of the system is not satisfactory, he happens to be investigated and tested again, 
until the failure is corrected.  
 
4. HUMAN FACTOR IN THE DEVELOPMENT OF FLIGHT CONTROLS 
Since the human factor has been identified as an important factor that contributes to 
the development of air accidents and incidents, it is crucial for development and 
excellence of the automatic flight control. This issue is largely addressed by the 
regulations in the aeronautical sector with regard to stability and control of the aircraft, 
the automatic system maintenance is also addressed in general terms. 
The automatic flight control offers help to the pilots and crew, among the many can 
cite the envelope protection and flight plan. The automation of the system contributes to 
enhance security by reducing the workload of the crew making so there's more attention 
and dedication of the crew to the knowledge of the situation in which the aircraft is and 
increases the likelihood of survival in extreme situations. 
The comfort provided by the automation during the flight through the reduction of 
excessive fluctuations or G-force reduces fatigue and helps to improve the work done by 
the crew. She is not excluded from the control of the aircraft and has all the elements, 
information and freedom to judge the situation and react appropriately, the automatic 
control system provides information to increase awareness of the situation at best, and on 
top of this information, the system of the aircraft can provide visual, auditory warnings 
and even a semi-automatic control to control the situation.  
Another factor considered by integrating man and computer, is the warning 
information (audio or visual), knowledge of the situation in which the plane is the first 
level of security, the second is the warnings and information provided by the system of 
the aircraft. 
. 
4.1 Relationship of Computers and Crew  
As soon as people get on a plane every confidence of a safe flight is delivered into the 
hands of the drivers, and so that pilots take the cabin of the aircraft they deposit their trust 
in computers, is an exchange of reliability, a complex relationship between man and 
machine and if for some reason it doesn't work perfectly, a disaster could happen at any 
moment. Life and death decisions need to be made in seconds and disorientation can kill 
the passengers and crew. Fly with all this technology these days is a complex task and the 
pilot is always the last line of Defense to keep the aircraft in flight. In the last hundred 
years the technology has revolutionized the aviation pilots share the cabin with automatic 
systems controlled by computers and are able to control virtually every aspect of the 
flight, these systems are able to do everything, even landing an aircraft without pilot 
intervention, and your automation function is for the pilot to use it to assist in pilotingin 
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consumption and stability of the plane, but that should never be replaced. A safe flight is 
a balance between automation and training.  
Lima, Peru, October 2, 1996 the Aeroperu flight 603 was going from Lima to 
Santiago in Chile. The plane is a Boeing 757 highly sophisticated minutes after takeoff 
begins to face serious problems, the altimeter and speedometer were locked, indicating 
zero, being that the plane was in midair, the 757 is equipped with three altimeters, one for 
the pilot, one for the CoPilot and a 911, and none of them worked. The pilots were 
confused with the alerts that the 757 computers reported and decided to land, to make 
matters worse the aircraft was flying at night, that there was no visual reference point. 
Without being able to rely on their instruments, the pilots were flying blind, they could 
control the plane, but had no idea what speed were flying and even the altitude, cold, dark 
night, with several sirens and alarms triggering became a very difficult situation for pilots 
to review the conflicting information they were receiving. Without being able to rely on 
his instruments the pilots requested information of speed and altitude of the ground staff, 
the Tower operation. She reported that the aircraft was at 7,000 feet at that time three 757 
alerts trigger, stating that the speed was above the maximum permitted, that the aircraft 
was entering stoll and was very close to the ground. Suddenly the semi-asa left of the 757 
touches the water and he crashes into the Pacific Ocean, there were no survivors.  
The pitot tubes are devices on aircraft that measure wind speed and altitude, they are 
external sensors that capture the information of downforce and transmit to the computers 
of the aircraft, at the bottom of the ocean in the wreck was found duct tape covering the 
pitot tubes on the plane. Shortly before the Aeroperu Boeing 757 from taking off the 
maintenance staff had cleared the plane, an employee had covered the static pressure 
outlets with tape to protect them at the time of cleaning, is a standard procedure, but 
when cleaning has completed the official forgot to remove the tape, a little carelessness 
that led to a plane crash taking the lives of hundreds of people. Of 7,000 feet the plane 
started to descend slowly though the onboard systems could not detect this and the flight 
controller had no way of knowing the altitude indicated on the radar screen was wrong, 
the crew was surprised by incorrect readings of your system, they had no idea where they 
were, how tall they were, or how fast they were. 
The Aeroperu flight 603 was a lesson in how pilots have become dependent on their 
flight control systems and how they can be powerless when those systems do not work, 
thus it is necessary to understand the complex technology shipped on planes so that when 
any situation of risk no matter it is possible to understand who is in control, because even 
an experienced crew can depend on other systems and in doing so a disaster can occur at 
any time.  
For this it is necessary the use of flight simulators, where applicants can learn to deal 
with the various types of risk situations that can occur in the real world. The simulation 
can present problems that are hard to come by in the air, and when it comes to simulation 
you can repeat it as many times as necessary, so it becomes a routine situation, 
facilitating the life of the crew to circumvent the risk situations in flight.  
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Another example I can cite is the China Airlines flight 006 in February 19, 1985, the 
Boeing 747 nose dives toward the Pacific Ocean after fails in one of four engines and 
moments before impact the crew regains control of plane leveling again, after the 
peaceful landing the aircraft presents the horizontal stabilizer partly destroyed due to 
violent dive the aircraft. After investigating the recorded data of the flight and the 
maintenance records of the aircraft is found a valve inside the engine which featured 
premature wear. The failure of just one engine could not lead to the sudden dive of the 
747. When interviewing the captain of the flight 006 it reports that as soon as the aircraft 
presented the engine failure he activated the autopilot control to devote attention to the 
troublesome engine that was on semi-asa right of the plane, but in that 747 the autopilot 
does not control the rudder. The autopilot is turned on to stabilize the plane and generate 
less drag, with more power in semi-asa left the China Airlines jet began to turn to the 
right, the autopilot replied controlling the ailerons to keep the plane in a straight line, but 
only the ailerons were not sufficient to solve the problem, so the plane was still turning. 
To prevent the aircraft turned to the right the wheel should have been fired, the pilot 
forgot that the autopilot of the 747 not controlled the rudder and thus didn't bother to do it 
manually. Thus the turn to the right became sharper and the pilot decided to turn off the 
autopilot, so he was off the situation got worse because without the ailerons to control the 
inclination of the jet plane turns and dips steeply toward the ocean. As the plane was 
between thick clouds the crew had no visual reference, I didn't know if I was descending 
or climbing and wasn't sure if computers showing the artificial horizon were right or 
wrong, but the instruments were working perfectly, the crew could not believe what I was 
seeing and felt that I had lost altitude instruments, only after the plane out of the clouds is 
that the Commander can control the aircraft againbecause now he has a visual reference. 
The automation of flight controls is a tremendous help for long-haul flights, but if the 
crew doesn't understand how the plane and its systems work she can put herself in a 
dangerous situation which won't be able to escape. 
The important thing, when the crew is with spatial disorientation, is fully trust us 
flight instruments because they are showing the truth about what situation the aircraft is, 
and whatever the feeling in the pilot it's a sensory limitation of humans. Periodic training 
is constant for the aviation Professional is an integral part for safe flight, trust the 
instruments, computers and your Automation is critical. The air disaster has reinforced 
the need for pilots to understand the complicated relationship between crew and 
computers, the life and flight safety depends on it. Automated systems make the flight 
more predictable and reliable, but essentially is the Union between computer and crew 
that makes the plane the safest means of transport. 
5. CONCLUSION 
5.1 General Considerations 
With the development of this study we can conclude that Airbus has developed a 
system that is redundant and that the main goal is to prevent a software failure come 
down all the fly-by-wire system and if one or another system fails, we have backup 
systems. Although there has been incidents directly related to the fly-by-wire system, it is 
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clear that the benefits are much greater than its risks, since the two major aircraft 
manufacturers, Boeing and Airbus, use this system to flight commands, since the fly-by-
wire enables the reduction of the helm, thus reducing the weight, drag and natural 
stability due to compensation that the system provides. In this way we obtain an aircraft 
lighter, with better performance and the ability to carry more payload. There are also 
reducing maintenance time, since the conventional control system needs many mechanics 
to perform maintenance because you need to make many adjustments, in addition many 
test flights are needed to adjust and solve the problems of the conventional system. 
Maintenance time may be reduced through the use of digital lines of commands to the 
control surfaces, and that computers limit the responsibility of the flight controls and thus 
ensures that speed limits, angles of attack, and yawing force "g" are not exceeded. In this 
way it is possible to define the stability criteria for each particular type of aircraft. 
We concluded that numerous scientific studies in the literature demonstrating the 
advantages of the fly-by-wire system and to meet the high extreme safety requirements, 
as well as economic requirements, you need multiple hardware and software resources to 
make redundant flight control system and secure. Redundancy, unfortunately, increases 
the cost of hardware, the weight and the need to consume more and more energy. In the 
business world airlines, as well as Governments, choose the cheaper products to meet 
your needs and the vortex that will guide future designs of new generations of aircraft 
will be increasingly economical efficiency. 
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